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There has been great concern within the scientific community about biodiversity loss and the extinction crisis worldwide. In order to set priority targets for biodiversity conservation in any region of the world, it is necessary to have good, long term, scientific, biological data. Without detailed information on local floras and faunas, it is impossible to prepare detailed management plans for biodiversity conservation within the area. The conservation importance of an area, which can be determined by assessing its biodiversity, by considering its species richness and abundance of key species (indicator groups). Therefore, during this thesis we attempted to clarify processes that influence the invertebrate fauna of Cyprus in different ecosystems. We also sought to investigate the population dynamics, abundance, species richness and the diversity of different invertebrate groups. We not only described the local invertebrate fauna, but also analysed impacts of different management regimes on them. In addition to this, we used different group of invertebrates as indicators in order to identify the biologically valuable habitats for biodiversity conservation in Cyprus.
Firstly, field surveys were carried out over a two year period for the determination of thrips fauna (Thysanoptera) in the northern part of Cyprus. During the surveys 2029 specimens were collected. We recorded 43 thrips species belonging to 23 genera. Five genera and 14 species were new records for the island of Cyprus. Also we studied the population of the thrips pests and resulting damage to fruits on different nectarine varieties in north Cyprus during 2004 and 2005. We found 21 different thrips species, most of them encountered during the petal-fall period of nectarine trees. The “Maravilla” variety (early nectarine variety) had the highest rate of non-marketable fruit during 2004-2005. 
Secondly, we determined the impacts of different management regimes on invertebrate fauna and diversity in Cypriot olive groves. We selected high and low altitude olive groves with no management, tillage only, or tillage – pesticide – fertilizer application. During this study, 12,387 arthropods were recorded and identified from 18 different orders or higher taxa. Our results showed that pesticide application on olive tree canopies significantly reduces the abundance and diversity of arthropods. We also determined the impacts of management regimes on woodlouse fauna. We found significant reductions in woodlouse abundance with tillage combined with pesticide and fertilizer application.
Thirdly, we used butterflies as an indicator group to identify the importance of forest and garrigue habitats for biodiversity conservation in Cyprus. Transect counts were used to assess the abundance and diversity of butterflies in old and young forests. We observed a significant effect of forest type on the abundance of butterflies. The number of butterflies and the number of endemic species was also higher in old forests than young forests. Also we used butterflies to evaluate the conservation value of grassland and shrubland mosaics within garrigue ecosystems in Cyprus. Habitat type showed a highly significant effect on butterfly abundance, this was particularly the case with endemics. Greater abundance was observed during early and the late season in grassland habitats. 
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The aims and objectives of my research were to provide information about invertebrate species, their habitats, and their ecology within different ecosystem types. The primary aims were to identify anthropogenic stresses that have negative effects on invertebrate abundance and diversity, and to provide information so that informed decisions regarding important conservation measures can be made to promote the integrity of invertebrate communities. 








Results and Contributions to the field of study: 
This thesis is divided into six separate chapters, with each chapter being the result of independent research. Three of these chapters have been published; two are currently under review for publication.  The remaining one chapter is written, with the aim of submitting it for publication to a peer reviewed scientific journal. 

In Chapter 1, I present the results of the field surveys over a two year period (2003-2004) for the description of the thrips fauna in the northern part of the island. In this chapter I provide details of thrips species found during the surveys, their abundance, the sex determination results of each species, the location where each specimen was found, its host plant and the general global distribution of each species. These results involved the identification and description of 2029 specimens from 281 samples. The results provide a surprising number of thrips species with 14 new records for the island, which included five completely new genera for the island of Cyprus. 

In Chapter 2, I collected and identified 433 thrips specimens found on nectarine trees in north Cyprus. In this chapter we provide the first detailed account of the major thrips pests of nectarine fruits with their ecology. Also we present for the first time a detailed analysis of thrips damage on different nectarine varieties. 

In Chapter 3, I collected and identified a total of 12,387 arthropods from twelve olive groves in Cyprus. This research was carried out between November 2005 and June 2006. In this chapter, we determined the impacts of different management regimes on invertebrate fauna and diversity, in Cypriot olive groves. I analysed differences in invertebrate fauna in high and low altitude olive groves with no management, tillage only, or tillage, pesticide and fertilizer application. We compared the abundance of the arthropods in different olive groves, the abundance of each taxa and the number of arthropods collected by using different methods. The results indicate that management regime had no impact on the number or the diversity of invertebrates in understorey vegetation. In addition, our results confirm that the spraying of pesticides significantly reduces the number and diversity of invertebrates, however surprisingly my results show that soil tillage has little effect on edaphic fauna.

In Chapter 4, I collected and identified a total of 1751 woodlice specimens from twelve olive groves in Cyprus. This research was carried out between November 2005 and June 2006. In this chapter, we determined the impacts of different management regimes on woodlice fauna in Cypriot olive groves. The abundance of woodlice was compared in twelve olive groves under four different management regimes by the placing of pitfall traps. We analysed the changes in the woodlouse fauna in Cypriot olive groves with no management, tillage only, or tillage with pesticide and fertilizer application. This research was the first scientific study to determine the abundance of woodlice and the effect of management regimes on soil biota in Cypriot olive groves. The results indicate that management regime had significant effect on the abundance of woodlice. The low altitude uncultivated olive groves had a higher number of individuals than the other three management regimes.

In Chapter 5, we used butterflies as an indicator group to identify the importance of forest habitats for biodiversity conservation in the island of Cyprus. I recorded 1602 butterfly specimes and identified 23 species during this research by using six Pollard walk transects along Kyrenia range mountains in Cyprus. We observed highly significant effects of forest type on the abundance and species richness of butterflies.











There has been considerable debate within the scientific community about biodiversity conservation, as currently there exists scientific and public concern on extinction crisis globally (Pimm and Raven, 2000; Brooks et al., 2002; Benayas and Montana, 2003; Gaston, 2005). There are numerous mechanisms of biodiversity loss and extinctions throughout the world, including: habitat loss or fragmentation, deforestation, agricultural practices, pollution, over exploitation, introduction of alien and invasive species, and climate change (Cincotta et al., 2000; Sala et al., 2000; Hodgson et al., 2005; Lewis, 2006). Biologists have identified 25 areas, called biodiversity hotspots, which are especially rich in endemic species and are particularly threatened by human activities (Mittermeier et al., 1998; Myers et al., 2000). Almost half of the world’s vascular plant species and one-third of terrestrial vertebrates are endemic to the 25 “hotspots” of biodiversity, each of which has at least 1500 endemic plant species (Brooks et al., 2002). Unfortunately, anthropogenic activities are rapidly destroying habitats that are most species-rich (Pimm and Raven, 2000). As a result of habitat loss, it is expected that many of the hotspot endemics have either become extinct or are threatened with extinction in the near future (Brooks et al., 2002). 
The Mediterranean region is recognised as one of the global “hotspots”, comprising some of the world’s most unique biogeographical areas and harbouring high levels of biological diversity (Myers, 1990). Furthermore, the Caribbean and the Mediterranean Basin contain some of the most threatened plant species (about 2000 plants) of the world’s hotspots (Brooks et al. 2002).  Biodiversity hotspots identify areas that are “biologically spectacular” by virtue of their species richness, diversity and endemism (Jepson and Canney, 2001). The Mediterranean Basin comprises beautiful mountain landscapes covered by scrub and woodlands, unique wetland areas, dune ecosystems and various agroecosystems (Blondel and Aronson, 2004). The mountainous landscapes, coastal hills and other ecosystems are home to approximately 25,000 species of flowering plants of which 1,300 are endemic (IUCN, 2003). Mediterranean forests are highly diverse ecosystems with at least 40 tree species (Blondel and Aronson, 2004). Also, it is known that scrub communities in the Mediterranean Basin are relatively species-rich compared with European temperate shrublands (Ojeda et al., 1995). In addition to this, there are thousands of caves, shafts, holes and crevices in the hills and mountains. The caves are made of compact limestone that harbours unusual micro-habitats and rare species (Blondel and Aronson, 2004).
The Mediterranean region’s landscape has been shaped by human activity over thousands of years (Santos and Cabral, 2003). One of the unique agroecosystems in the Mediterranean Basin is olive groves. The cultivation of olive groves in the Mediterranean dates back to ancient times, and they are home to numerous species of flowering plants, Mediterranean type shrubs (such as Cistus spp.), many arthropods, birds, mammals (such as shrew or bats) and reptiles (such as lizards and snakes) (Biaggini et al., 2007, Loumou and Giourga, 2003).
Invertebrate fauna account for the greatest diversity in eukaryotic organisms. Consisting of over 1 million described species worldwide, with a great number yet to be discovered or described. To date the conservation status of less than 5% of arthropods has been assessed. Therefore, conservation priorities have yet to fully consider highly diverse invertebrate taxa (Brooks et al., 2006).  In invertebrates, as in plants, the Mediterranean Basin is the richest in Europe in terms of species diversity: 75% of the total European insect fauna is found within the basin. It has been provisionally estimated that 150 000 insect species exist within the region, of which only 70% have been currently described and named. However, the number of insect species will increase rapidly as scores of new species are being described annually (Balletto and Casale, 1991). Levels of endemism are also high for most insect groups.  In some isolated mountains and larger islands, endemics may account for 15-20% of the insect fauna (Blondel and Aronson, 2004). The role of invertebrates in the food chain is very important either directly, as food for reptiles, birds, mammals or indirectly, as agents in the recycling of soil nutrients. It is known that social insects (ants, bees, wasps and termites) are “ecological engineers”. They alter the physical environment and affect the availability of resources to other organisms. For example: bees are pollinators, ants are seed-dispersers and termites are wood consumers (Chapman and Bourke, 2001). Other known insect group “ecological engineers” are dung beetles (Coleoptera: Scarabaeinae). They are key providers of several ecological services such as waste removal and secondary seed dispersal (Nichols et al. 2007).  In addition to this, many ecologists use invertebrates as indicator taxa for monitoring ecosystem health (Hilty and Merelender, 2000; Grill et al. 2005; Stefanescu et al. 2005). 
Unfortunately, anthropogenic disturbances are causing degradation of diverse ecosystems throughout the Mediterranean region.  The most important causes of threat for Mediterranean species are habitat loss, degradation, pollution, overexploitation, natural disaster and human disturbance (IUCN, 2008). Tourism is having massive impacts, particularly on coastal ecosystems, and is considered to be one of the most significant pressures on biodiversity within the Basin (Nadin, 2008 and Cakan et al., 2005). For example in 2005, 246 million people, 31% of all international tourists, visited the Mediterranean region, particularly its coastal areas (IUCN, 2003). On the other hand, another threat on biodiversity in the Mediterranean is fire damage to mountainous areas and Mediterranean forests (Preiss et al., 1997; Vallecillo et al., 2008)
The conservation of biodiversity has thus become a priority within the Mediterranean region and globally (Brooks et al., 2006; Nadin, 2008; Ojeda et al., 1995; Vallecillo et al., 2008) as many scientific studies have shown that there is an increasing rate of biodiversity loss worldwide especially within the global hotspots (Bininda-Emonds et al., 2000; Cincotta et al., 2000; Myers et al., 2000; Pimm and Raven, 2000). 
Decisions that are related to the conservation of biodiversity need input not only by both conservation biologists and ecologists, but also local stakeholders (Benayas and Montana, 2003) and it is necessary to set priority targets (Myers, et al. 2000). The key major challenges on conservation of biodiversity can be defined as: assessment, surveillance and monitoring of species and habitats, and also the detection of environmental changes (O`Connell and Yallop, 2002). Conservation biologists have developed alternative methods in order to monitor environmental changes in certain areas. One of these methods is the use of indicator taxa, which are species or higher taxonomic groups whose parameters, such as density, presence or absence, or infant survivorship, are used as proxy measures of ecosystem quality. The goal of monitoring ecosystem health is to recognise changes brought about by anthropogenic activities (Hilty and Merelender, 2000).
Cyprus is one of the “biodiversity islands” inside the one of the World`s hotspot areas (Myers et al., 2000 and Nadin, 2008).  Medail and Quezel (1999) performed a global survey of plant richness and endemism in order to assess better plant conservation priorities in Mediterranean Basin. They defined 10 more hotspots within the Basin. One of the hotspots they identified included South Anatolia and Cyprus. Cyprus is located in the north-eastern part of the Mediterranean region and its geographical location makes its fauna and flora both very interesting and diverse. The northern part of the island has been politically isolated for many years and, as a result, development has been relatively slow. The advantages of this situation are that the northern part of Cyprus has a high level of biodiversity, contains landscape resources of international significance, and has remained relatively unspoilt. In general, the north part of the island offers a range of varied terrestrial habitats, such as pine forests (both lowland and mountain), juniper scrubs, garrigue, phrygana, limestone pavements and dune vegetations. The higher elevations of the Kyrenia mountain range support many endemic plants. Some of these endemics are red listed by the IUCN, such as Delphinium caseyi and Brassica hillarionis (Tsintides et al., 2007). Also the endemic orchid Ophrys kotschyi is commonly distributed along the Kyrenia Range Mountains and valleys especially in grassy places under Pines or Cypress (Viney, 1994). These important endemic plants (Delphinium caseyi, Brassica hillarionis and Ophrys kotschyi ) which are occurring along the Kyrenia Range mountains are also listed under EU Habitats Directive (Annex II) (EC, 2004). Hand (2006) stated that four newly described plant species had recently been discovered in Cyprus and eleven were new records for the island.
Cyprus is not only diverse in plants; it is also diverse in animal species. There are two endemic bird species that occur in Cyprus: Cyprus warbler (Sylvia melanothorax) and Cyprus pied wheatear (Oenanthe cypriaca). Cyprus warbler breeds on mountain sites in Kyrenia range, especially in bushes such as Rhamnus oleoides and Calycotome villosa (Bannerman and Bannerman, 1958; Flint and Stewart, 1992). IUCN Red listed Bonelli`s eagle Hieraaetus fasciatus is also a resident breeder in Cyprus and has been seen several times along Five Finger Mountains in the last 2 years (pers obs, Flint and Stewart, 1992). There are two endangered marine turtle species (Chelonia mydas and Caretta caretta) which are common breeders on the sandy beaches of Cyprus (Broderick and Godley, 1996). 




Figure 1. Map showing the potential Natura 2000 sites in northern part of the island.

 In order to set priority targets for biodiversity conservation in the northern part of the island, it is necessary to have a good, long term biological data. Although there have been several faunistic surveys completed in northern part of the island on different organisms (birds, mammals, reptiles and invertebrates), the only long term scientific research made to date has been on marine turtles (Fuller, 2008). There is a paucity of information regarding the ecology of insect fauna in Cyprus. Those that do exist are predominantly faunistic surveys or species catalogues (Georghiou, 1977; Lopau and Adena, 2002; Makris, et al. 2008; Franzen and Gigli, 2003; Doğanlar and Arap, 2005; Özden et al. 2006; Austin et al. 2008). There is very little information on butterflies, their habitat preferences and their ecology (John  and Parker, 2002; Makris, 2003). 
The aim of this PhD thesis was to identify the invertebrate biodiversity in different habitats and also to investigate the ecology of different taxonomic groups. In this thesis, faunistic surveys were carried out on Thysanoptera fauna from many different habitat types in northern part of the island. In addition to this, Thysanoptera (Thrips) populations and their relation with nectarine trees were observed in the Guzelyurt, Gaziveren and Gazimağusa regions.  Also, during this thesis the invertebrate biodiversity in different olive groves was assessed within the Kyrenia range. Butterfly abundance, ecology and diversity were studied in the Kyrenia Range Mountains and Kayalar region. Both of these research areas are designated as potential Natura 2000 sites (USAID, 2006).
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